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@ Catalysts, method of preparing these catalysts and method of using said catalysts. 



@ A catalyst is prejDared by combining a first compound 
consisting of a bis(cyclopentadienyl)metal compound having 
one of the following general formulae: 1. (A-CplMXiX? 

2. (A-Cp)Mjr7i'2 

3. (A-CpjML 

4. (Cp* )(CpR)KXi 
Wherein: 

M is a metal selected from the Group consisting of titanium, 
zirconium and hafnium: 

(A-Cp) is either (Cp)(Cp*) or Cp-A'-Cp* and Cp and Cp* are the 
same or different substituted or unsubstituted cyclopentadienyf 
radicals; 

A' is a covatent bridging group: 

L is an olefin, diolefin or aryne ligand; 

Xi and Xz are. independently, selected from the group 

consisting of hydride radicals, hydrocarby! radicals, sub- 

stifuted-hydrocarbyl radicals, organometalloid radicals and the 

like; 

X'l and X'2 are joined and bound to the metal atom to form a 
metailacycle. in which the metal atom, X'l and X's form a 
hydrocarbocyclic ring containing from about 3 to about 20 
carbon atoms: and 

R IS a suDstttuent on one of ihe cyclopeniadienyl radicals which 
IS ais? bcun-T lo ihe metal atom 



With a second compound which is an ion exchange compound 
comprising a cation which will irreversible react with a ligand on 
said first component and an anion which is a single coordination 
complex comprising a plurality of lipophilic radicals covalently 
coordinated to and shielding a central charge-bearing metal or 
metalloid atom, which anion is bullcy and stable to reactions 
involving the cation of the second component. Upon combina- 
tion of the first and second components, the cation of the 
second component reacts with one of the ligar*ds of the first 
component, thereby generating an ion pair consisting of a 
Group IV-B metal cation with a formal coordination number of 3 
and a valence of + 4 and the aforementioned anion, which anion 
is compatible with and norKOordinating towards the metal 
cation formed from the first c mponent. Suitable second 
components may be represented by the following general 
formula: 

((L'-H)*I<,((M')fn*QiQ2.„Qnld- 
Wherein: 

V is a neutral Lewis base: 

H is a hydrogen atom; ^ ^ 

[L'-H] is a Bronsted acid: 

M' is a metal or metalloid selected from the Groups subtended 
by Groups V-B lo V-A of the Periodic Tabte of the Elements; ie,. 
Groups V-B. Vl-B. Vll-B Vtll. l-B. II-B. IM A. IV-A and V-A; 



ana aryioxioe raatcais. nyarocaroyi ano s'.*osinuieu-ityu» wv.o. 
radicals and organometalloid radicals and any one. but not more 
than one. ot Qi to On may be a halide radical - the remaining Qi 
to On being, independently, selected from the foregoing 
radicals: 

m is an integer from 1 to 7; 
n is an integer from 2 to 8: and 
n - m — d. 

Many ot the catalysts thus formed are stable and isolable and 
may be recovered and stored. The catalysts may be preformed 
and then used to polymerize olefins, diolerins and/or acetyteni- 
catly unsaturated compounds either alone or in combination 
with each other or with other monomers or the catalysts may be 
formed in situ during polymerization by adding the separate 
components to the polymerization reaction. The catalyst will be 
formed when the two components are combined in a suitable 
solvent or diluent at a temperature within the range from about 
-100**C to about 300**C. The catalysts thus prepared afford 
better control of polymer molecular weight and are not subject 
to equilibrium reversal. The catalysts thus produced are also 
less pyrophoric than the more conventional Ziegler-Natta olefin 
polymerization catalysts. Certain of the catalysts also yield 
homopolymers of a-otefins having relatively high molecular 
weights. Certain of these catalysts also yield copolymers 
containing significantly more comonomer, many of which 
copolymers will be elastomeric. 
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r A..YSTS. METHOD OF PREPARING THESE CATALYSTS AND METHOD OF USING SAID CATALYSTS 

- i Continuation-ln-Part of U. S. Patent Application Serial No. 008.800, filed January 30. 1987. 

5 B ACKGROUND OF THE INVENTION 

This invention relates to compositions of matter which are useful as catalysts, to a method for preparing 
-ese catalysts, to a method of using these catalysts and to polymeric products produced with these catalysts. 
More particularly, this invention relates to catalyst compositions, to a method of preparing these catalyst 
compositions, to a method for polymerizing olefins, diolefins and/or acetylenically unsaturated monomers 
10 wherein these catalysts are used and to homopolymer and copolymer products produced with these catalysts. 
The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins is, of course, well known in the 
prior art. In general, these soluble systems comprise a Group IV-B metal compound and a metal alkyi 
cocatalyst, particularly an aluminum alky! cocatalyst. A subgenus of these catalysts is that subgenus 
comprising a bis(cyclopentadienyl) compound of the Group IV-B metals, particularly titanium, in combination 
15 with aluminum alkyI cocatalysts. While speculation remains concerning the actual structure of the active 
catalyst species in this subgenus of soluble Ziegler-Natta type olefin polymerization catalysts. It would appear 
generally accepted that the active catalyst species is a cation or a decomposition product thereof which will 
alkylate an olefin in the presence of a labile stabilizing anion. This theory may have first been advocated by 
Breslow and Newburg. and Long and Breslow, as indicated In their respective articles appearing In J, Am, 
20 Chem. Soc. 1959. Vol. 81. pp. 81-86. and J. Am. Chem. Soc, 1960. Vol. 82. pp. 1953-1957. As indicated In these 
articles, various studies suggested that the active catalyst species is a titanium-alkyi complex or a species 
derived therefrom when a titanium compound: viz.. bis(cyclopentadienyi)titanium dihalide. and an aluminum 
alkyI are used as a catalyst or catalyst precursor. The presence of ions, all being in equilibrium, when a titanium 
compound is used was also suggested by Dyachkoystii. Vysokomol. Soyed., 1965, Vol. 7. pp. 114-115 and by 
25 Dyachkovskii, Shilova and Shilov, J. Polym.Sci.. Part C. 1^7. pp. 2333-2339. That the active catalyst species is 
a cation complex when a titanium compound is used, was further suggested by Eisch et aL, J. Am. Chem. Soc 
1985. Vol. 107. pp. 7219-7221. 

While the foregoing articles teach or suggest that the active catalyst species is an ion pair and. particularly 
an ion pair wherein the Group IV-B metal component is present as a cation or a decomposition product 
30 thereof, and while these references teach or suggest coordination chemistry to form such active catalyst 
species, all of the articles teach the use of a cocatalyst comprising a Lewis acid either to form or to stabilize the 
active ionic catalyst species. The active catalysts is. apparently, formed through a Lewis acid-Lewis base 
reaction of two neutral components (the metal-locene and the aluminum alkyI). leading to an equilibrium 
between a neutral, apparently inactive, adduct and an ion pair, presumably the active catalyst. As a result of 
35 this equilibrium, there is a competition for the anion which must be present to stabilize the active cation 
catalyst species. This equilibrium is. of course, reversible and such reversal will deactivate the catalyst. 
Moreover, the catalyst systems heretofore contemplated are subject to poisoning by the presence of basic 
impurities in the system. Further, many, if not all. of the Lewis acids heretofore contemplated for use in soluble 
Ziegler-Natta type catalyst systems are chain transfer agents and. as a result, prevent effective control of the 
40 product polymer molecular weight and molecular weight distribution. Still further, the catalyst systems 
heretofore proposed do not generally facilitate incorporation of a significant amount of a plurality of different 
monorti'ers or random distribution of such monomers when used in copolymerization processes, particularly 
a-olefin copolymerization processes. Still even further, most, if not all. of the metal alkyI cocatalysts heretofore 
contemplated are highly pyrophoric and, as a result, hazardous to use. 
45 The aforementioned catalyst systems are not highly active, nor or they generally active when zirconium or 
hafnium is the Group IV-B metal used. Recently, however, it has been found that active Ziegler-Natta type 
catalysts can be formed when bis(cyclopentadienyl) compounds of the Group IV-B metals, including zirconium 
and hafnium, are used with alumoxanes. As is well known, these systems particularly those comprising 
zirconium, offer several distinct advantages, including vastly higher activities that the aforementioned 
50 bis(cyclopentadienyl)titanium catalysts and .the production 'of polymers with narrower molecular weight 
distributions than those from conventional Ziegler-Natta catalysts. These recently developed catalyst systems 
still yield polymeric products having relatively low molecular weight, however. Moreover, these recently 
developed catalyst systems have not affected the amount of comonomer incorporated into a copolymer or the 
relative distribution of such monomer therein. Further, these systems remain subject to poisoning when basic 
55 . impurities are present and require an undesirable excess of the alumoxane to function efficiently. 

Bis(cyclopentadienyl)hafnium compounds used with alumoxane cocatalysts have off red few. if any. 
advantages when compared to analogous bis(cyclopentadienyi)titanium 'or -zirconium catalysts with respect 
to catalysts activity, polymer molecular weights, or extent or randomness of comonomer incorporation. This 
has been suggested by Giannetti, Nicol tti, and Mazzochi. J. Polym. Sci.. Polym. Chem. 1985. Vol. 23. 
60 ' pp. 2117-2133. who claimed that the ethylene polymerization rates of bis(cyclopentadienyl)hafnium 
compounds were five to ten times slower than those of similar bis(cyclopentadienyl)zirconlum compounds 
while there was little difference between the two catalysts in the molecular weight of the polyethylen formed 
from them. European Patent Application No. 200.351 A2 (1986) suggests that in the copolymerization of 



2 



0 277 004 



c?Crs'S:Z^^^^^^^^ bls(cyc.opentadieny.„i.ani... ..conlo., an. -.a,nll 

propylene randomly. '^ReTentirhowl^^^^^^ TT ^ "h"''' ^^.'^'^^utions or in ability ,o incorporate 

pp. 6544-6545 thatchiraih.fr.- "^^^f.f'' ^"^^^ ^t al. disclosed in J. Am. Chem. Soc. 1987. Vol lOQ 

In light of the several deSendes o the rnnr^ \ '"^'^ analogous chiral zirconium metallocenes . 
for an improved catalyst system Set ^iTo.^^^^ ^^^'^""^ heretofore contemplated, the need 

distribution; (2) is norsubiS^o a^fv. ion'ln ! k °' '""'"^"'^^ ^^'S*^' ^"'^ "^^'e^^'ar weight 

cocatalyst is bilieve^reSry ippaSHhe nee^^^ 't' °' ^" 

higher molecular weight polymerrprodu^tsandln^ ^^"'^"^ ^''"^ Production of 

a copolymer and alter the rel^rve dKuiL o?^..t '"<=°^P°^at.on of a larger amount of comonomer into 
readily apparent. distribution of such comonomers in such copolymers Is also believed to be 

SUMMARY OF THE INVErJTIQN 

pol^Jf/riron^^^^^^^^^^^^^^ °V^? Zr%' ^"^H '^-^-•^^^ P^*or art ionic olefin 

invention and that aH of the forea Ji^o an J otl ^ ^'^^^ ^" °^ ^^e ionic catalysts of the present 

catalysts can be avoided, or aSr^duced^^^^^^^ '""^ P^'V^e^'^ation 

olefin, diolefin and/or acelj eniSv uSS ° T '^^'^y"'^ °' ^'^'^ '■'"P^°^ed 

therefore, an object of th^^^Sirt^nrl^^T^^^ ' ^^^^^ 

polymerization o oleics ^oEa^d or a^^^^^^^ .omc catalyst systems which are useful in th^ 

invention to provide a method fo? Drr„t^^^^^^^ unsaturated monomers. It is another object of this 

provide an improved pS^izLnT^^^^^ " * '"^"^^^ ""^^'^^ °' '">'«"tion to 

invention to provide sucrin f^! f . "nproved catalysts. It is still another object of this 

further ob ecrr,hfs!nventio^^^^^^^^ T '''''r' '° " '^^^ 

product polymer moSr weioh, ^nH ^1. , "^^'^^^ ^^"^'^ P^^""" ^^^^'^^ <=°"trol of the 

provide s'uch an J^proi^d 3 ,^"h SLT,^^^^^ wif f ? "''^^^^ °' 
invention to provide cenainl^Zov^ cLTv^^ti^ n^^^^ "^'^ °' " ^ ^"^'^^^ ^''j^^* '^'^ 

yield relatively high mo'ec^ar wS n^Jmlrl \f ^'.r^'" containing catalysts, which will 

improved catalysis. partiS J ly SI hS^^^ Jnn,^-" ^'''^^^ °' '° ^'"""^ 

relatively large LouK a oiurS^^ ImT ^°"'^'"'"g,'=«»='ysts. which will yield copolymers containing 
approaching^andomness It S e^^a furthe^^^^^ comonomers are distributed in a manner at least 

with these catalvsfs ha!rfn« «f,f k ^^'^ invention to provide polymeric products produced 

impuS^s TStm ^T^SlT^^^^^^ distributions ar,d which are L of certain meS 

certain of thesrca^rvstT ha^n" , his invention to provide certain polymeric products, prepared with 
invention trproVde cr^^^^^ ^^'H'^^" " « '"^^^^ ^^'^^^ °' '^'^ 

Td— 

crpr~bSE^^^^^ 

thereof. The second of wS comnonTnl °' u ^ ^"^^ ^ PC^'O" 

irreversibly react ^thStea^one ZhH^T^^ an lon-exchange compound comprising a cation which will 
an anion which iT a ^inoirc^orlrtln ^ ^"^.'^ '^"^ '^"^ ^o^^PC^nd (first component) and 
coordinated .randshiSq a centra^^^^^^^ 'r'"''"^ " ^'^^^''^^ °* "P^P*^"'^ ^^^'"'^ <=°-a'ently 

labile and stable to Si reaction tnl^ T ^ charge-beanng metal or metalloid atom, which anion is bulky, 
metalloid mlyTe any m'e^a?orme7JS carb.?nH °' component. The charge-beanng metal o'r 
aqueous solutions tTon comh n!^on f .k , """'"^ ^ coordination complex which is not hydrolyzed by 
component reacts With one X components, the cation of the second' 

Group IV-B metal ca L^t^ a^orl. .^^^^^^^ component, thereby generating an ion pair consisting of a 
•anion Which anLTcomraJble w^^^ T*'"' °' ^ '"^ ^ °* +4 and the aforementioned 

component The anion ofTe seLn^ .1 "°"^°°^*"««'"g Rewards the metal cation formed from the first 
complex ^thc^t ^ZlliTa^ti^^^^^^^ "P"'''^ °^ =^^""'^'"9 G™"P '^-B metal cation 

function as a catllvsrinrf^m^S 1 'Y"^ °^ decomposition product s ability to 

acetylenicaily unsal^^^^^^^^ """^ '° P^^'"" displacement by an olefin, diolefin o? an 

(J. Chem Sc^c Che^ii "^"'P'e- Bochmann and Wilson have reported 

tetrafluoroborid Sd^o^orriisfSl^^^^^^^^ bis(cyclopentadienyl)titanium dimethyl reacts with 

insufficiently labite rbe""pSS^^^^ "l^''^' ' '-""-o^o^ate. The anion is. however. 

DETAILED DE SCRIPTION OF THE INVENTION 

me'thTdtrusIng ruc»!'cXy"s"yn"d".o '° '° ' ^-^-'"9 ^uch catalysts, to a 

particularly usefSnor Jo'^Sfn^a If'^n^'Tn^^^ "'"f"" ^ "^^^ "'^iysts are 

or poiymenzing a-olef.ns. diolefins and acetylenically unsaturated monomers erther alone 
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or in combination with other a-olefins. diolefins and/or other unsaturated monomers. The improved catalysts 
ar prepared by combining at least one first compound which is a bis(cyclop ntadtenyl) derivative of a metal of 
Group IV-B of the Periodic Table of the Elem nts containing at least one ligand which will combine with the 
cation of the second compound which first compound is capable of forming a cation formally having a 
5 coordination number of 3 and a valence of + 4 and at least one s cond compound which is a salt comprising a 
cation capable of donating a proton which will irr versibly combine with said at least one ligand (substituent) 
liberated by said Group IV-B metal compound and an anion which is a single coordination complex comprising 
a charge-bearing m tal or metalloid core, which anion is both bulky and labile, compatible with and 
noncoordinating toward the Group IV-B metal cation formed from the first component, and capable of 
10 stabilizing the Group IV-B metal cation without interfering with said Group IV-B metal cation's or its 
decomposition product's ability to polymerize a-olefins, diolefins and/or acetylenically unsaturated 
monomers. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, 
published and copyrighted by CRC Press. Inc., 1984. Also, any reference to a Group or Groups shall be to the 
15 Group or Groups as reflected in this Periodic Table of the Elements. 

As used herein, the recitation "compatible noncoordinating anion' means an anion which either does not 
coordinate to said cation or which is only weakly coordinated to said cation thereby remaining sufficient^ labile 
to be displaced by a neutral Lewis base. The recitation 'compatible noncoordinating anion* specifically refers 
to an anion which when functioning as a stabilizing anion in the catalyst system of this invention does not 
20 transfer an anionic substituent or fragment thereof to said cation thereby forming a neutral four coordinate 
metallocene and a neutral metal or metalloid byproduct. Compatible anions are anions which are not degraded 
to neutrality when the initially fomied complex decomposes. The recitation •metalloid, as used herein, includes 
non-metals such as boron, phosphorus and the like which exhibit semi-metallic characteristics. 

The Group IV-B metal compounds; i.e., titanium, zirconium and hafnium compounds, useful as first 
25 compounds in the preparation of the improved catalyst of this invention are bis(cyclopentadieny*) derivatives 
of titanium, zirconium and hafnium. In general, useful titanium, zirconium and hafnium compounds may be 
represented by the following general formulae: 1 . (A-Cp)MXiX2 

2. (A-Cp)MX'iX'2 

3. (A-Cp)ML_^ 
30 4.(Cp')(CpR)MXi 

Wherein: 

(A-Cp) is either (Cp){Cp') or Cp-A'-Cp* and Cp and Cp* are the same or different substituted or 
unsubstituted cyclopentadienyi radicals wherein A' is a covalent bridging group containing a Group rv-A 
element; 

35 M is a metal selected from the Group consisting of titanium, zirconium and hafnium; 
L is an olefin, diolefin or aryne ligand; 

Xi and X2 are, independently, selected from the group consisting of hydride radicals, hydrocarbyl radicals 
having from 1 to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein onie or more of the 
hydrogen atoms are replaced with a halogen atom, having from 1 to about 20 carbon atoms, organometalloid 

40 radicals comprising a Group IV-A element wherein each of the hydrocarbyl substitutions contained in the 
organic portion of said organometalloid, independently, contain from 1 to about 20 carbon atoms and the like; 
X'l and X'2 are joined and bound to the metal atom to form a metallacycle. in which the metal atom. X'l and X'a 
form a hydrocarbocyclic ring containing from about 3 to about 20 carbon atoms; and 
R is a substituent, preferably a hydrocarbyl substituent, on one of the cyclopentadienyi radicals which is also 

45 bound to the metal atom. 

Each carbon atom in the cyclopentadienyi radical may be, independently, unsubstituted or substituted with the 
same or a different radical selected from the group consisting of hydrocarbyl radicals, substituted-hydrocarbyl 
radicals wherein one or more hydrogen atoms is replaced by a halogen atom, hydrocarbyi-substiluted 
metalloid radicals wherein the metalloid is selected from the Group IV-A of the Periodic Table of the Elements. 

50 and halogen radicals. Suitable hydrocarbyl and substituted-hydrocarbyl radicals, which may be substituted for 
at least one hydrogen atom in the cyclopentadienyi radical, will contain from 1 to about 20 carbon atoms and 
include straight and branched alkyi radicals, cyclic hydrocarbon radicals, alkyl-substituted cyclic hydrocarbon 
radicals, aromatic radicals and alkyl-substituted aromatic radicals. Similarly, and when Xi and/or X2 is a 
hydrocarbyl or substituted-hydrocarbyl radical, each may. independently, contain from 1 to about 20 carbon 

55 atoms and be a straight or branched alkyI radical, a cyclic hydrocarbyl radical, an alkyl-substituted 
cyclohydrocarbyl radical, an aromatic radical or an alkyl-substituted aromatic radical. Suitable organometalloid 
radicals include mono-, di- and trisubstituted organometalloid radicals of Group IV-A elements wherein each of 
the hydrocarbyl groups contain from 1 to about 20 carbon atoms. More particularly, suitable rganometalloid 
radicals include trimethylsilyl, triethylsilyl, ethyidimethyfsilyl, methyldi thylsilyl. triphenylgermyl. trimethylgermyl 

60 and the lik . 

Illustrative, but not limiting examples of bis(cyclopentadienyt)zirconium compounds which may be used in 
the preparation of the improved catalyst of this inv ntion are dihydrocarbyl-substituted bis(cyclop ntadie- 
nyOzirconium compounds such as bis(cyclopentadienyl)zirconium dimethyl, bis(cyclopentadienyl)zirconium 
diethyl. bis{cyclopentadienyl)zirconium dipropyl. bis(cyclopentadienyl)zirconium dibutyl.^bis(cyclopentadie- 
65 nyl)zirconium diphenyl. bis(cyclopentadtenyl)zirconium dineopentyl. bis(cyclopentadienyl)zircontum di(m-to- 
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lyl) bislcyclopentadienyDzirconium di(p-tolyl) and the like; (monohydrocarbyl-substituted cvclonpn.in 
ny z,rcon.um compounds such as (methylcyclopentadienyl) (cyclopentadi nyl) and bis(methylcJS!n 
TrlJl^TT ""TT <«''^y'-y<='°P«"'«<^ieny')(cyclopen,adienyl) and bis(ethylcycloUn aJ eryhS^^ 
d.methy (P opylcyclopentadienyl)(cyclopentadienyl) and bis(propylcyclopentadLy02irconLm d mr,^^^ 
Un-bu yl)cyclopentadienyll(cyclopen,adienyl) and bis[(n-butyl)cyclopentadienyl)zircoJ uTdrr^^^^ 
tyl)cyc opentad,eny^|(cyclopentadienyl) and bis((t-butyl)cyclopentadienylj2irconil dimethyl cS^ 

hylcyc opentad,enyt)(cyclopentadienyl) and bis(cyclohexylmelhylcyc opentadienXi conium SfZ h T 

benzylcyclopentad.enyl)(cyclopentadienyl) and bis(ben 

TZiUctSlTfT T'^'^^'T^ ^"'^ bis(methylcyclopentadienyl)zirconlum dihydride. (ethy^cjc ol^' 
f2n SnvM in? k"^? '^f ^'^y'^y^'ope^tadienyDzlrconium dihydride. (propylcyclopentadS cv" 
clopentadienyl) and b.s(propylcyclopentadienyl)2irconium dihydride. I(n-butyi)cyclopentLienvn c^^ 

and b.s(benzylcyclopentadienyl)zirconium dihydride. (diphenylmethylcyclo^ntLienJ^ 
b.s(d.pheny)methylcyclopentadienyl)zirGonium dihydride and the like; (polyhydrocarby SS^d Snpn 
tad.enyl)2.rcon.um compounds such as (dimethy.cyclopentadienyl)(cyclopentaXnv ) aS S 
clopentadienyDzirconium dimethyl. (trimethy1cyclopentadienyl)(cyctoVntadS) ^^^^^ 
tadienyl)zirconium dimethyl. (tetramethy1cyclopentLienyl)(cJc lopS^^^^^^^^^ StSrShSS 
d.eny.)zirconium dimethyl. (permethylcyclopentadienyl)(VyclopeSS^ 

nyDzlrconium dimethyl. (ethyltetramethylcyclopentaSenyl)(cyclopeSLw) Z Z7eS!^.^^T1'^' 

cyclopentadienyl)(cyclopenladienyt) and bis(dimethylcyclopentadienyl)zirconium d^hy,dridT itJ^^^, 
copentadienyl)(cyclopentadienyl) and bis(trimethylcSpentadienS^^^r^^^^ 

copentad.enyl)(cyclopentadienyl) and bis(tetramethyI^ciopentadien^SL^^^^^^^^^ rnlrmfm^ ^" 

Zi Zc^nntS^""^^^^^^^ ^"^ bis(ethyttetramethylcyclopentadienyl)zirconium SZT ISb' 

nyl) cyclopentadienyl) and b.s(lndenyl)2irconium dihydride and the like; (metal hydrocarLTsubstit fpri 

nS:XnUdSn (tnmeth^SScXen?S^ 
rionS^n .>f 7^ bisdnmethylgermylcyclopentadienyDCzirconium dihydrkJe (trimethvlstannvlcv- 
SvcSSlX'^^^^^^ ^'!""'"«'^y'^»«-y'cyclopentadienyl)zlrconium diliJdTde.'^S^^ 
^^SkXi^^^^^ ^"^ bis(trimethylplumbylcyclopentadienyl)zlrJonium dihydriJe 

. ^6iZm£ent!d^^^^^ compounds such as (trifluoromethylcyclop n- 

cloopnflrt^onL^wr , ^^^^ bisltnfluoromethyl cyclopentadienyl)zirconium dimethyl. (trifluoromethWcv- 
s lyKubs^^^^^^^^^^ 

me hSl^b^ ""^'^ ^= bis(cyclopentadienyl)2irconium dl(tri: 

nuS!! • '^'5'^y^'°Pe"*a<l'enyl)2irconium d.(phenyldimethylsilyl) and the" like- (bridaed-cvclODentadie- 
tl^ZlT"" '^^^^ bis(cyclopentadienyl)2irconium dimethy e h^ne bS?S^^^ ' 

Ud^nyl)z.rcon,um dimethyl, dimethylsilyl bls(cyclopentadienyl)zirconium dimethy? metSe wSo^^^^^^^ 
SooSZr dirnethylsilyl bis(cyclopentaLnyl)zirconlum ShydriJe S^^^ 

!^^!? ? bis(cyclopentadlenyl)zirconaindane and the 1^(7016 10^0 6^ 3^^ 

a^ne l^and substituted bis(cyclopentadienyl)2irconium compounds such as Ws eye openSnvlw ^^^^^^^ 

Sh^cIdooentSJim^^^^^ "k""^ '° '"^^ (pentamethylcySopentadienyl)(te- 

tadienKhXTiSm^^^^^^^^^^^^ ^ 

=oCld"be madi If sSmJ'St ^"'^ bis(cyclopentadienyl),itanium compounds 
brs(cydoprt2ieS^)^ Jonil rSf h"* ".T'^ '^'""^^ '° ^'^^^^ P^««"t«<l with respect to 
Thor skSed in hP^^ h «0"'PO""dS- such l.sts are not deemed essential to a complete disclosure. 
Ud°env5)t ittil cn^^^^^ ^"^^ bis(cyclopentadienyl)hafnium compounds and bls(cyclopen- 60 

^^TZTTr. n7Zo^^^^^^^ °' bls(cyclopemadienyl)zirconium com'pou'nds 

o^;h~S~ 
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Compounds useful as a second component in the preparation of the catalyst of this invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a compatible noncoordinating anion 
containing a single coordination complex comprising a charge-bearing metal or metalloid core, which anion is 
relatively large (bulky), capable of stabilizing the active catalyst species (the Group IV-B cation) which is 
5 formed when the two compounds are combined and said anion will be sufficiently labile to be displaced by 
olefinic. diolefinic and actylenically unsaturated substrates or other neutral Lewis bases such as ethers, nitriles 
and the like. As indicated supra, any metal or metalloid capable of forming a coordination complex which is 
stable in water may be used or contained in the anion of the second compound. Suitable metals, then, include, 
but are not limited to, aluminum, gold, platinum and the like. Suitable metalloids include, but are not limited to, 

10 boron, phosphorus, silicon and the like. Compounds containing anions which comprise coordination 
complexes containing a single metal or metalloid atom are. of course, well known and many, particularly such 
compounds containing a single boron atom in the anion portion, are available commercially. In light of this, 
salts containing anions comprising a coordination complex containing a single boron atom are preferred. 
In general, the second compounds useful in the preparation of the catalysts of this invention may be 

15 represented by the following general formula: 

{(L'-H^)<l[(M')m + QiQ2..,Q„)d. 

Wherein: 

L' is a neutral Lewis base; 
H is a hydrogen atom; 
20 (L'-H) is a Bronsted acid; 

M' is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table of 
the Elements; ie.. Groups V-B, Vl-B, Vll-B, VIII, l-B. Il-B, lll-A. IV-A. and V-A; 

Qi and Qn are selected, independently, from the Group consisting of hydride radicals, dialkylamido radicals, 
alkoxide and aryloxide radicals, hydrocarbyl and substituted-hydrocarbyl radicals and organometalloid 
25 radicals and any one, but not more than one, of Qi to Qn may be a halide radical - the remaining Qi to Qn being, 
independently, selected from the foregoing radicals; 
m is an integer from 1 to 7; 
n is an integer from 2 to 8; and 
n - m =s d. 

30 Second compounds comprising boron which are particularly useful in the preparation of catalysts of this 
invention may be represented by the following general formula: 
(L'-H]*IBAriAr2X3X4]- 
Wherein: 

L' is a neutral Lewis base; 
35 H is a hydrogen atom; 

(L'-H]* is a Bronsted acid; 

B is boron in a valence state of 3; 

Ar 1 and Ara are the same or different aromatic or substituted-aromatic hydrocarbon radicals containing from 
about 6 to about 20 carbon atoms and may be linked to each other through a stable bridging group; and 

40 X3 and X4 are radicals selected, independently, from the group cpnsisting of hydride radicals, halide radicals, 
with the proviso that only X3 or X4 will be halide at the same time, hydrocarbyl radicals containing from 1 to 
about 20 carbon atoms, substituted- hydrocarbyl radicals, wherein one or more of the hydrogen atoms is 
replaced by a halogen atom, containing from 1 to about 20 carbon atoms, hydrocarbyl-substituted metal 
(organometalloid) radicals wherein each hydrocarbyl substitution contains from 1 to about 20 carbon atoms 

45 and said metal is selected from Group IV-A of the Periodic Table of the Elements and the like. 

In general. Ari and Ar2 may. independently, be any aromatic or substituted-aromatic hydrocarbon radical 
containing from about 6 to about 20 carbon atoms. Suitable aromatic radicals include, but are not limited to, 
phenyl, naphthyl and anthracenyl radicals. Suitable substituents on useful substituted-aromatic hydrocarbon 
radicals, include, but are not necessarily limited to. hydrocarbyl radicals, organometalloid radicals, alkoxy 

50 radicals, alkylamido radicals, fluoro and fluorohydrocarby! radicals and the like such as those useful as X3 or 
X4. The substituent may be ortho, meta or para, relative to the carbon atom bonded to the boron atom. When 
either or both X3 and X4 are a hydrocarbyl radical, each may be the same or a different aromatic or 
substituted-aromatic radical as are Ari and Ar2. or the came may be a straight or branched alkyi, alkenyl or 
• alkynyl radical having from 1 to about 20 carbon atoms, a cyclic hydrocarbon radical having from about 5 to 

55 about 8 carbon atoms or an alkyl-substituted cyclic hydrocarbon radical having from about 6 to about 20 
carbon atoms. X3 and X4 may also, independently, be alkoxy or dialkylamido radicals wherein the alkyl portion 
of said alkoxy and dialkylamido radicals contains from 1 to about 20 carbon atoms, hydrocarbyl radicals and 
prganometalloid radicals having from 1 to about 20 carbon atoms and the like. As indicated supr^, Ari and Ar2 
may be linked to eacn other. Similarly, either or both of An and Ar2 could be linked to either X3 or X4. Finally. X3 

60 and X* may also be linked to each other through a suitable bridging group. 

Illustrative, but not limiting, exampi s of boron compounds which may be used as a second component in 
the preparation of the improved catalysts of this invention are trialkyl-substituted ammonium salts such as 
triethylammonium tetra(phenyl)boron, tripropylammonium tetra(phenyl)boron. tri(n-butyl)ammonium 
tetra(phenyl)boron. trimethylammonium tetra(p-tolyl)boron, trimethylammonium tetra(o-tolyl)boron, tributy- 

65 lammonium tetraipentafluoroph nyl)boron. tripropylammonium tetra(o.p-dimethylphenyl)boron.'tributylam- 
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ISIZ ;^;;,^<r^:"5:y|Pf^e"y')boron, tributylammonium tetra(p-trmuoromethylpheny.)boron HMkvl^W 

tetra(o-tolyl)boron and ihe like SvSh 
N N 2 4 6 oell?. T tetra(phenyl) boron, N.N-d!ethylanilinium tetra phenlS 

^t^^ammor.n^ . f 7 tetra(phenyl)boron and the like; dialkyi ammonium salts such as Si d?o 

trilrtr^T K »^'^^<P«"'3f'"0^ophenyl)boron, dicyclohexylammonium tetra(phenyl)boron and the hie Tn^ 

t"rXhenXrn".n^^^ 'f.V.' '"P^-y'P^-P^-i"- tetra(phenyl,boron'tri(methylphenyjphosrhon urn ' 
sJL^i^?^^ 7 ■ '"^^'^^^'^ylP^^^y'P^osPhonium tetra(phenyl)boron and the like. ^ ^ 

com™n?L?L^K containing other metals and metalloids which are useful as second 

TshSd SI not.2 1 "^T: ^^^'^^'^ """'^'y «° « <=°"^P'«te disclosure. In thfs?egard 

iouX useful as 11? ^^^^"^^'^^ ^'^'^^ compounds'that' W 

fmm the tor Joifnn ^^"'P^""'^^ containing other metals or metalloids would be readHy apSrent 

from the foregoing general equations, to those skilled in the art eaouy apparent. 

comoonS;d!n?.'^H"l'"°^' components identified above may be combined with most second 

TmS rin?. ''"""''' - "''"^ bis(pentamethylcyclopentadienyl)hafnium dimethyl as an LSve but S 
hm t ng example - are resistant to reaction with all but the strongest Bronsted acids and tht^^s are noTsurtaS 

cal^ist of^Sl^;L''7'^"'?^?^^ (metaloontaming) component to second component to fom, a 
ca taS^J IThZTT J^ compounds combined for preparation of the a^ve 

met^ catTon ,S!rS!^^^ '° T''^ of a^ragment of the anion, particularly an aryl group toSe 

rnetal cation thereby forming a catalyticaliy inactive species. This could be done by steric hindrance result no 

^ol oHhTaZ Til" "^'f^^T'''"'' ^•^'"^ substitutions on thTiS^^^^ 

adorns of the anion. It follows, then, that metal compounds (first components) comprisina oerhydrocarhvi 

SXtTrnT'^J T"^'' ''^ ^"^^♦'^^'y ^'^^ ^ bLder range S second c^^^^^^ 
J^LTTn^ ^"''^ components) comprising unsubstituted cycl?pentadien)J rad7ca°s As tSe 

S^aSrSfe obtat^^^^^^^ °" cyclopentadieny. radicals are riduced. however SSe e^ecS 

cM^Th f second compounds containing anions which are more resistant to dearadation 

anion r^o?e e^74„rt?^^^^^^^^ °' '''' ""S^" mei^s of rend'S t° e 

fheTn^rPi !f,f 1 ?•. ^""^^^'^^ substitution, especially perfluoro-substitution in 

!f7srcomp?nent's) ^ "^^^^^ '^"^e of metal comJZds 

temotfl!Zf2!lw,nTl'^^^ ^^"^"^ ^'fP^'^'^ combining the two components in a suitable solvent at a 
IXiS I^dTor ace^^^^^^ ""^ h^^"'^ '° ''"^ '"^V "sed to polymerize 40 

diSS ns hSa rom*^^^^ monomers having from 2. to about 18 carbon atoms and/or 

TpXme^^ a-l^^^^ I """"Jr °^ *" combination. The catalyst may also be used 

rnsaSeTmonomlr^.?^^^^^ unsaturated monomers in combination with other 

^SZ ltt^Tccu L h«^!^'^'^'^^''°.'^T'^"''''" '"^y accomplished at conditions well known in the 
Sed direSto th?S,i:m!^'^^ "'^'y^' ^"^^'^"^ ^" ^'♦'^ components thereof are 45 

Ts uSd in oo^vm^^^^ « °" ' °^ '"'^'"^'"S condensed monomer. 

Lu«abfe solvent or^r 1'^^^^ "'^h'" " "^"'"^^'^ "'^'V^t in a separate step in a 

S opTorS^ SDeLe^ he .^^^^ '° polymerization step. While the catalysts do not contain 

SXd Tnd trr,t,ro?, components are sensitive to both moisture and oxygen and should be 

A;fnH ? ^'^"Sferred in an inert atmosphere such as nitrogen, argon or helium so 

soCent t dSenTSilif '""TT ""^IT' °' '""^ "'"^"^ Preferably, be prepared in a suitable 

wivems in ft^p nl^^ ^°'^«"<s known in the prior art to be useful as 

t^ln ?nclude but ^^^^^^^^ °' olefins, diolefins and acetylenically unsaturated monomers. Suitable solvents, 
bmane Tem^ne hl^^^^^^^ necessarily limited to. straight and branched-chain hydrocarbons such as isobutane. 
cy^foheotane r^S^;.^^^^^ ^"=y'="*^ hydrocarbons such as cyclohexane. 55 

comoound^T K T'- '"«»^y'^y«'°f^«P'^« and the like and aromatic and alkyl-substituted 
oSl^c^^T,!^Zn". ^' ^"^ S""^'"^ solvents also include liquid 

?-hexane 3 m^fhv? 1 Z comonomers including ethylene, propylene, butadiene, cyclop ntene, 

s<Jvents iurtrr iXLVu^ h!^-^' ''ly'-l-Pe"^^"*- 1.4-hexadiene. 1-octene. 1-decene and the «ke. Suitable 

nL"! tvVe r^lrno . ^^"^''"y Po'yn^erization solvents when conventional 60 

.K polymerization catalysts are used such as chlorobenzene 

com5iundsredt°oreo°,r"°r*'' '° '"^ ^^"'^"'^^ ^'^^^'y- »^at when the two 

or Xn, trofa oart o M^, ^'''T^ "'^'^''^ °' combined in a suitable solvent 

substrents on tne"^'^^^^^^^^ ? '^^'"P^""^ (''^ ^'^^^'^ Pr°'°") combined with one of th 

substituents on the metal containing (first component). In the cas where th first compttn nt HSs a formula 65 



20 



25 



30 



35 



7 



0 277 004 



corresponding to that of general forn^.ula 1 supra, a neutral compound is liberated, which neutral compound 
either remains in solution or is liberated as a gas. In this regard, it should be noted that if either Xi or X2 in the 
metal containing (first component) is a hydride, hydrogen gas may be liberated. Similar^, if either Xi or X2 is a 
methyl radical, methane may be liberated as a gas. In the cases where the first component has a formula 
5 corresponding to those of general formulae 2. 3 or 4, .one of the substituents on the metal-containing (first) 
component is protonated but. in general, no substitLient is liberated from the metal. It Is preferred that the 
molar ratio of first component to second component be 1 :1 or greater. The conjugate base of the cation of the 
second compound, if one remains, will be a neutral compound which will remain in solution or complex with the 
metal cation formed, though, in general, a second compound is chosen such that any binding of the neutral 
10 conjugate base to the metal cation will be weak or non-existant. Thus, as the steric bulk of this conjugate base 
increases, it will, simply, remain in solution without interfering with the active catalyst. Similarly, if the cation of 
the second compound is a triatkyi ammonium ion, this ion will liberate a hydrogen atom to form gaseous 
hydrogen, methane or the like and the conjugate base of the cation will be a tertiary amine. In like fashion, if the 
cation were a hydrocarbyl- substituted phosphonium ion containing at least one reactive proton, as is essential 
15 to the present invention, the conjugate base of the cation would be a phosphine. 

While still not wishing to be bound by any particular theory, it is also believed that as one of the metal 
containing (first component) substituents (a ligand) is liberated, the noncoordinating anion originally 
contained in the second compound used in the catalyst preparation combines with and stabilizes either the 
metal cation formed from the first component, formally having a coordination number of 3 and a + 4 valence, or 
20 a decomposition product thereof. The metal cation and noncoordinating anion will remain so combined until 
the catalyst is contacted with one or more olefins, diolefins and/or acetylenically unsaturated monomers either 
alone or in combination with one or more other monomers or another neutral Lewis base. As indicated supra, 
the anion contained in the second compound must be sufficiently labile to permit rapid displacement by an 
olefin, diolefin or an acetylenically unsaturated monomer to facilitate polymerization. 
25 The chemical reactions which occur in forming the catalysts of this invention may, when a preferred, boron 
containing compound is used as the second compope£»t, be represented by reference to the general formulae 
set forth herein as follows: 1. (A-Cp)MXiX2 + (L'-H)+tBariAr2X3X4]- — 
((A-Cp)MXi)*(BAriAr2X3X4]- + HX2 -f L' or 
((A-Cp)MX2] + rBAriAr2X3X4]- + HX, -h L' 
30 2.(A-Cp)MX'xX'2 [L'-H]^[BAriAr2X3X4]- 

[(A-Cp)M(FTx'2H))*[BAriAr 2X3X4]" * L' or 
[(A-Cp)M(X*2X*iH)]*[BAriAr2X3X4]- * L' 

3. (A-Cp)ML + (L'-HJ-^(BAriAr2X3X4l- — 
((A-Cp)M(LHJli[BAriAr2X3X4]- + L' . 
35 4. (Cp)(R-Cp*)MXi + [L'-H]*tBAriAr2X3X4]" — > 

[Cp(H R-Cp MM X , i fBAn ArgX3X4l - + L' or 
[Cp(R-Cp» )M]*[BAriAr2X3X4]- ♦ HXx * L' 
In the foregoing reaction equations, the numbers correspond to the numbers set forth in combination with the 
general equations for useful metallocene compounds of Group IV-B metals (first components). In general the 
40 stabiliity and rate of formation of the products in the foregoing reaction equations, particularly the metal cation, 
will vary depending upon the choice of the solvent, the acidity of the [L'-H]* selected, the particular L'. the 
anion, the temperature at which the reaction is completed and the particular dicyclopentadienyi derivative of 
the metal selected. Generally, the initially formed ion-pair will be an active polymerization catalyst and will 
polymerize a-olefins, diolefins and acetylenically unsaturated monomers either alone or in combination with 
45 other monomers. In some cases, however, the initial metal cation will decompose to yield an active 
polymerization catalyst. 

As indicated supra, most first compounds identified above will combine with most second compounds 
identified above to produce an active catalyst, panicularly an active polymerization catalyst. The actual active 
catalyst species is not. however, aiways sufficiently stable as to permit its separation and subsequent 
50 identification. Moreover, and while many of the initial metal cations formed are relatively stable, it has become 
apparent that the initially formed metal cation frequently decomposes into one or more other catalytically 
active species. 

While still not wishing to be bound by any pariicuiai theory, it is believed that the active catalyst species 
which have not been characterized, including active decomposition products, are of the same type as those 

55 which have been isolated and fully characterized or at least retain the essential ionic structure required for 
furiclioning as a catalyst. More particularly, it is believed that the active catalyst species which have not been 
. isolated, including active decomposition products, are the same type as the isolated and characterized active 
catalyst species in that the these species contain a bis(cyclopentadienyl)metal center which center remains 
cationic, unsaturated and has a metal- carbon bond which is reactiv with olefins, diolefins and acetylenically 

60 unsaturated compounds. Furthermore, it is believed that the decomposition products may react with 
hydrogen gas to enter into a common state of quilibrium involving the cationic hydride compi x. 
(Cp'CpMH)*X-. 

This behavior is best exemplified in a peralkylcyclopentadienyl system wherein a tetraph nyl borate is used 
as the second component. For example, the reaction of Cp'2ZrMe2 (where Cp* = C5M 5) ^nd 
65 [Bu3NH]*(B(Ph'4))- (where Ph' = phenyl or para-alkylphenyl with hydrogen or an aikyi group in 
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nirf?"' T '"'^T.^ ^'"^^ fCp-2ZrMel ^ [B(Ph')4) - which is unstable and decompos s by loss of mJ.n 
to give a single catalytically active product. The deep red product has been fully characlLri^l? . ^^"^ 
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35 



Wherein: 

aS'? r "'in"' ^'y""^ "<^< each of Sid alkyi substitutions ma, be tlte sitie 

B is boron; ' ^ 

Zr is zirconium; 

."£sXM;f^^^^^^^^^^ 

U^zSfl^J? 1 ShT'^^ Of hydrogen with the zwitterionic catalyst leads to the loSon of 
sumSs thS .^ Jk h J^ reversible nature of this reaction along with other spectroscopic evidence 

cSrnf^m thll ''1? '^''"'^'^ equilibrium with the zwitterionic species. 

HnZl^5 T ^ '°^e90'"9. stable polymerization catalysts have been prepared when bisfoermethvlcv 
tZZoS^t:,'!^^^^^ been reacted with triUutyl)ammonium'tSpheny,'S^^^^^^ 

tTon cS ha^^^^^ and tri(n-butyl)ammonium tetra(p-ethy.phenyl)boron A stable polymertea- 

eacted wS wfn ^^^i.t ^ ^^'^'^ b.s(ethyltetramethylcyclopentadienyl)zirconium dimethyl was 
Sst w^s pre^^^^^^^ "^'^ °' ♦''^ POlymerLation 

range?om S ooC fo T'^T^ T ^ ^"''^'"^ « temperature within the 

cteTthat^t2°e iSitfeno^.^^ ^^'^"^ °" ^""^ information available to the inventor, it appears ^ 
tadSnySzirc^^^^^ catalysts can also be prepared using bis(perhydrocarbylcydopen- 

P-s:bs?:S"ra(aXro:a^^^^^^^ ^^"^ °' ^" .nsubstituted or 

stoIJed'^oTiubsVauem !fsf S.lT^^ ^^Kf" '"^y »«P«^^^«<^ '^'^ and 

u timat^y used in thi noivI^H,!. ''^ ^^♦^'"e'' =°'"tion until ^ 

Alte^nSelv anv of thp r?r^^^^^^" of olefins, dioletins and/or acefylenically unsaturated monomers. 

S^^aseS use of used J^^ T'''''' ''^ '"'''"^ °' ''^'^ '"^y s°'"'*on ^or 

^^^Z^^c^:^^ -'-^ -'"-"-'^ - — anyr:rct"?o;odir^': - 

caJ^lv^ is oHen°nnV'rI "T^°7f- Compound is 1 at concentrations below about lO-^M. the 

n!Sr .K * polymerization. While the inventors do not wish to be bound bv anv 

me 'the'rSA'lf ' f 7"""°"^ °' ""^'^'''^ ♦'^^ - ZVm°e^ m':;deac iJ^r 

conceS at o^of thl [T°l <=0"iPound to the second compound is 2:1 to 10:1 or more, however, 

concentrations of the second compound can be as low as about 10- 6m 

meTaVcJd suih^rborTn''! .'ja'"'"'" are reacted with second compounds containing a metal or a 

rTphenSboJon as an x^mn.?" ""h ' "^'"^ '^(n-butyDammonium tetrakis(pentafluo- 

iSr iXtS^. nPrio^T'^ K ^^'^'^'^ the polymerization process of this 

r^rome;C^nTTl '^^^^^^^^ ' *° °' ""'^^ before the uptake of 

be°orabout 0 «M .nl .hT " concentration of the hafnium compound is 
catalyst solution ofTen show L f^^°"^^°"^P°n«"' *s below about lO-^M; higher concentrations of 
zircSm are used whrn th ' " ^ " compounds containing 

invenrrTd?norwish to brho°"Hr''''°" component is about 10-« M or less. While the 

enters do not wish to be bound by any particular theory, it is bell ved that the catalyst'species formed ^ 
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decomposes in the polymerization process to form a catalytically inactive metal-containing compound and 
regenerating either the same or different second component. This new second component activates any 
excess first component present to regenerate the active catalyst species of the present invention. While still 
not wishing to be bound by any particular theory, it is believed that increasing the concentration of the catalyst 
or using second components containing more acidic ammonium cations will ither diminish the length of this 
induction period or eliminate it completely. 

In general, and as indicated supra, the improved catalyst of this invention will polymerize olefins, diolefins 
and/or acetylenically unsaturated monomers either alone or in combination with other olefins and/or other 
unsaturated monomers at conditions well known in the prior art for conventional Ziegler-Natta catalysis. In the 
polymerization process of this invention, the molecular weight appears to be a function of both catalyst 
concentration and polymerization temperature and polymerization pressure. The polymers produced with the 
catalyst of this invention, when prepared in the absence of significant mass transport effects, will, generally, 
have relatively narrow molecular weight distributions. 

Certain of the catalysts of this invention, particularly those based on hafnocenes - using the catalyst 
produced from the reaction of bis(cyclopentadienyl)hafnium dimethyl and the trisubstituted ammonium salt of 
tetra(pentafluorophenyl) boron as an example -when used as described herein for the polymerization and 
copolymerization of a-oleflns, diolefins. and/or acetylenically unsaturated monomers, in the absence of a 
chain transfer agent, can lead to the production of extremely high molecular weight polymers and copolymers 
having relatively narrow molecular weight distributions. In this regard, it should be noted that homopolymers 
and copolymers having molecular weights up to about 2x10^ and molecular weight distributions within the 
range of about 1.5 to about 15 can be produced with the catalysts of this invention. The substituents on the 
cyclopentadienyl radicals, however, can exert a profound influence on polymer molecular weights. 

Catalysts of this invention containing a first component which is either a pure enantiomer or the racemic 
mixture of two enantiomers of a rigid, chiral metallocene can polymerize prochiral olegins (propylene and 
higher a-olefins) to isotactic polymers. Bis(cyclopentadienyl)metal compounds in which each of the 
cyclopentadienyl radicals is substituted and containing^ a covalent bridging group between the two 
cyclopentadienyl radicals are particularly useful for isotactic polymerizations of this type. 

A particularly surprising feature of some of the catalysts of this invention, particularly those based on 
hafnocenes in combination with a second component comprising boron, is that when the catalysts of this 
invention are used to copolymerize a-oiefins, either alone or In combination with diolefins, the amount of 
higher molecular weight olefin or diolefin incorporated into the copolymer is significantly increased when 
compared to copolymers prepared with the more conventional Ziegler-Natta type catalysts and 
bis(cyclopentadienyl)zirconium catalysts. The relative rates of reaction of ethylene and higher a-olefins with 
the aforementioned hafnium-based catalysts of this invention are much closer than with conventional 
Ziegler-Natta catalysts of the Group IV-B metals. The monomer distibution in copolymers prepared with the 
catalysts of this invention, particularly with the lower a-olefins and lower diolefins. will range from near 
perfectly alternating to statistically random. 

In general, catalysts can be selected so as to produce the polymer products which will be free of certain 
trace metals generally found in polymers produced with Ziegler-Natta type catalysts such as aluminum, 
magnesium, chloride and the like. The polymer products produced with the catalyst of this invention should, 
then, have a broader range of applications than polymers produced with more conventional Ziegler-Natta type 
catalysts comprising a metal alkyi, such as an aluminum alkyl. 

Also unlike polymers heretofore produced with conventional Ziegler-Natta type polymerization catalysts, the 
polymers produced with zwitterionic catalysts in the absence of hydrogen or other chain terminating reagents, 
contain predominantly internal rather than terminal unsaturaiion. In this regard, it should be noted that if the 
terminal carbon atom in the polymer chain were numbered one. the unsaturation contained in the polymers 
produced in the process of this invention would be 2.3 rather than the more traditional 1.2. 

PREFERRED EMBODIMENT OF THE INVENTION 

In a preferred embodiment of the present invention, a bisicycIopentadienyl)metal compound, said metal 
being selected from the Group consisting of titanium, zirconium and hafnium, said compound containing two, 
independent^, substituted or unsubstituted cyclopentadienyl radicals and one or two lower alkyl substituents 
and/or one or two hydride substituents will be combined with a trisubstituted ammonium salt of either a 
substituted or unsubstitufed tetra(aromatic)boron. Each of the trisubstitutions in the ammonium cation will be 
the same or a different lower alkyl or aryl radical. By lower alkyl is meant an alkyl radical containing from one to 
four carbon atoms. When the bis(cyclopentadienyl)metal compound used is a bis(perhydrocarbyl-substituted 
cyclopentadienyljmetal compound, an unsubstituted or partially substituted tetra(aromatic)boron salt may be 
used. Tri(n-butyl)ammonium tetra(phenyl)boron, tri(n-butyl)ammonium tetra(p-tolyl)boron and tri(n-butyl)am- 
monium tetra(p-ethylphenyl)boron are particularly preferred^ As the number of hydrocarbyl-substitutlons on 
the cyclopentadienyl radicals is reduced, how ver, substituted anions will be used in the trisubstituted 
ammonium salts, particularly, pentafluorosubstituted anions. Tri(n-butyl) ammonium tetra(fluorophenyl)boron 
is particulariy prrfrirnri* - , , _ ._ 

In almost preferred embodiment of the present invention, bis(cyclopentadienyt)zrrconium dim thyl or 
bis(cyclopentadienyl)hafnium dimethyl will be r act d with N.N-dimethyl anilinium t tra(pentafluoroph - 
nyl)boron to produc the most preferred catalyst of the present inventionf The two components'^will te 
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combined 'Jrl'rl^r'""'' '^"^^ '^^"^ to about 100°C. The components win'h 

wS mo 'r,nol 7 ^' K ^" '^^"'^"^ hydrocarbon solvent, most preferably toluene. Nominal hold no tl 

ar m^st '^:::^z^^;^:^^ - — - ^« - p--e bo.h .^zsz 

a lte«n'nl«> 1 immediately after formation, will then be used to polymerize a lowor 

aVout 0"'c1rab"u\1S^^^^^^^^ ''^^''''^ ^' ^ ♦^'"P^^'"- wlth'in ^e "anVeTom 

oreferred imhn^^J? ? !k ^ '''"^"'^ '^"9« "'O'" «bout 15 to about 500 psig In a moS 

horn!!^ ? embodinient of the present invention, the most preferred catalyst will be used eitLT 
theTebv Sdr^??' °' '° copolymerize ethylene with a lower a-olefin having from 3 to 6 carbon atoms 
tJe monomf ^If..^ '''"^ V ^'^^^''^^^'^ Copolymer. In both the preferred and most preferred embodiments 
Tbori to Thor^n polymerization conditions for a nominal holding time within the rrn^'rom 

techniques. The zwittenonic complexes (Examples 1 . 4. 10 and 22) were characterised by sTd Mate i3c mmr 

SSTn^^xa^l^pV^o'wa" r^'P«-— PV- T^e tetralUhylphe^TbS^rSl'^^ S 
isolated in Example 10 was further characterized by single crystal x-ray crystallography. 



EXAMPLE 1 



tri/nK''i!.»^''^'"'"®- ^ polymerization catalyst was prepared by combininq 065 a of 

Th^corJSSrr"'" ^^^^'P^^^y''''''^" With 0.60^>of bisCpentamethyl^clopentadLySonium d^^^^^^^ 
IftcSuenean^^^^^ 

aLomnKfh!^ = . ^ b's(pentamethylcyclopentadienyl)zirconium dimethyl. The combination was 
Aner7hour an n^^^^^ ^° compounds was continued for 1 hour 

nrl^l^. °ra"9e precipitate separated from solution leaving a clear mother liquor The oranae 

precipitate was isolated by filteration. washed three times with 20 ml of pentane and dried in-^cuo 075 a o1 

single organometallic compound having the following general formula: 



B(C6H5)3 

(C5Me5)2Zi 



wherein Me is a methyl radical. 
EXAMPLE 2 

to '20' ml omTI!'^^''^ "^^^ polymerized by adding 0.05 g of the orange precipitate recovered .n Example 1 
Los^Ier c oreT. .r. '"^P"^*'"^^ ^ '^^ ^^^e armed flask and then adding excess ethylene at 
foZatS^ S nloih ^ vvh,le maintaining vigorous agitation. An immediate exotherm was detected and the 
formation of polyethylene observed as the addition of ethylene continued. 

EXAMPLE 3 

ExamSe T?^?? m!^?^ ""^t P^'^"*""^ suspending 0.05 g of the orange precipitate prepared in 

atr^osDheric nrSj^L cWorobenzene in a 100 ml side armed flask and then adding excess ethylene at 
STemvlene Zll l I "'a-ntaining agitation. An immediate exotherm was detected and the formation of 
polyethylene was observed as the addition of ethylene continued. 

EXAMPLE 4 

trif'n-butraZ^^^^^ P°!r*"""°" ^« P^«P«^«d by first suspending 0.75 g of 

Snon^ln 'etra(p-tolyl)boron in 50 ml of toluene and then adding 0.52 g of bis(pentamethylcy- 
SlubStanTerrT f""'''' ^"l^^'^^^ 'birred at room temperatSr for' hour After 1 hou?. L 
SS^mes wi?h on Tf """^ P^^^'P*'^' '^^'^ted by filtration, washed 

oranaHrecrD ta,f ""T^J ''"^ f"^"" ^^^^^^ ^ °' P^ =*P"ate were recovered. The 

orange precipitate was analyzed and found to contain an organometallic compound having th following 
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structure: 



(C5Me5)22r 




B(p-tolyl )3 



wherein Me is a methyl radical. 
EXAMPLE 5 

In this example, ethylene was polymerized at atmospheric pressure by passing ethylene into a 20 ml sample 
of crude reaction mixture from Example 4 in a 100 ml side armed flask. The ethylene was rapidly polymerized. 

EXAMPLE 6 

In this example, ethylene was polymerized at .40 psig by dissolving 0.02 g of the orange precipitate produced 
in Example 4 in 100 ml of toluene in a Fisher-Porter glass pressure vessel, heating the solution to 80** C and 
then passing ethylene into said solution at 40 psig for 20 minutes. 22 g of polyethylene were obtained and the 
average molecular weight of the polymer was 57.000. The polyrper had a polydispersity of 2.5. 

EXAMPLE 7 * " V ' " K^/ir I 

In this example, ethylene and acetylene were copolymerized by dissolving 0.05 g of the orange precipitate 
from Example 4 in toluene and then adding 2 ml of purified acetylene at atmospheric pressure in an NMR tube. 
An immediate color change from orange to yellow was noted. After five minutes, 5 ml of ethylene at 
atmospheric pressure were added to this mixture and an immediate exotherm was observed as was polymer 
formation. 

EXAMPLE 8 . ' 

In this example, an active isolable olefin polymerization catalyst was produced by first suspensing 0.56 g of 
tri(n-butyl)ammonium tetra(o-tolyl)boron In 50 ml of toluene and then adding 0.25 g of bis(cyclopentadie- 
nyl)zirconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour an insoluble 
yellow precipitate separated from an orange solution. The yellow precipitate was isolated by filtration, washed 
three times with 20 ml of pentane and dried in-vacuo . 0.26 g of the yellow precipitate were recovered. 

EXAMPLE 9 ^ ' • ' ^' ( ^' ) 

In this example, excess ethylene was added at atmospheric pressure to a portion of the orange mother 
liquor from Example 8 in a 100 ml side armed flask and polyethylene formed. Ethylene was also contacted with 
a portion of the yellow precipitate, which precipitate was suspended in toluene in a 50 ml side armed flask and 
again polyethylene was formed. 

EXAMPLE 10 / " 

In this example, an active, isolable olegin polymerization catalyst was produced by first suspending 1,20 g of 
tri(n-butyl)ammonium tetra(p-ethylphenyl)boron in 50 ml of toluene and then adding 0.76 g of bis(pentamethyl- 
cyclopentadienyOzirconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour, the 
reaction mixture was evaporated to dryness. The crude orange solid, which was produced, was recrystallized 
from hot toluene to give 1.0 g of orange-red crystals. A portion of this product was analyzed and confirmed to 
be an organometallic compound having the following structure: 



B(p-ethylphenyl)3 



(C5Me5)2Zr 




CH3CH2 
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wherein Me is a methyl radical. 



EXAMPLE 11 

tni'™ oo'lf 'Tk'"'®- V^^^^"^ polymerized by dissolving 0.10 g of the orange-red crystals from Example 10 in 
hen ?ntrcd^.r!," ' ''r " ^'^'^^'^^^ p?essure.lthylene at icj ps ig was 

T.TcT^^ VT ^"'""^"^ ""'^ »° 80'C with agitation. After 10 minutes Z 

St aveJarmn. r"'''!'' T"'"" ^'^'^ °' Po'vet^ylene was 27 g haJng ^ 

weight average molecular werght of about 52,000. 'oviiig a 

EXAMPLE 12 

tri/n llllr^'"'"®' ^" polymerization catalyst was prepared by first suspending 0 78 a In 

Sfin^lTr"T ♦^'^^('"•'"-*'"ethylphenyl)boron in 50 ml of toluene anS then aSding ?50 g 

AT^T^r T^^ZT^^^^^^^ ^""^^'y'- ^""^ '"''''"^^ ^''"^'^ temperature fof 1 hour 

wSh "i^. ; "^^^ evaporated to dryness. The resulting crude red-brown solid was washed 

Tnd Z °' '^^'ed '"-vacuo to yield 0.56 g of a toluene soluble brown solid. Both tSl sc^h 

oSse^lL tn n^''''°" ""'T' '''"^'^^'^ ^° °' « Side armed fJsk and we 

observed to polymerize ethylene at atmospheric pressure. 

EXAMPLE 13 

tri<^ Hl'^f™?' ^° f"^^?' polymerization catalysts were prepared by first dissolving 0 78 g of 

2T^t,y.Tr^?''VT^°-^'^'^^^^^ 30 ml of toluene and 15 ml of pentane. The solution 

^^^t Z^ Lf . ^ °' bls(pentamethy.cyclopentadienyl)rirconium dimethyl were addTd T 
rjnirlt ^ *° temperature with agitation and held for 4 hours. A yellow precipitate ms 

ororSlt '"'^"^e «'tration. The yellow precipitate was dried in-vacuo ?o gS asTg 

a ve oS a ota I 'r^^ °' precipitate, the purple mother liquor was evi^5?itid to dryness to 

NMR tubes ^ ^ IT'* polymerized ethylene in deutero-toluene in 

EXAMPLE 14 

lvlivH«n^nt«H£n' T "'^"" Po'V^erization catalyst was prepared by combining 0.06 g of bis{1.3-bisfrimethylsi- 

?S!roT ° 9 °^ N.N-dimethylanilinium tetra(phenyl)boron and 1 ml of 

Smr*; ?o"fr«. ^" ^"^ ♦'^^ components to react. The NMR spectmm showed 

Sd fJo tl ^T"^ T^"^' 20 minutes at room temperature. The reaction mixture was men 

Sed 1^00^00^'°"^''''"*^^. ^ ^^'^ P'^*'^'^ 50 ml side armed flasks. Ethylene was 

added to one portion and propylene to the other. Rapid poiymenzation was observed In both cases. 

EXAMPLE 15 '. 

trifn hnitn™?^' f °!^^"' polymerization catalyst was prepared by first suspending 0.87 g of 
taJjSS2Jcro!n^^^^^ ^ °' ^"^ ^'^^■"S 0.50 g of (pentamethylcyclo?en- 

l!2^^hS «^ """^^^y- «<'^^ed at room temperature for Is hours to 

oLnt/no^nH solution. The reaction mixture was dried in-vacuo . washed with 30 ml of 

oreisur; '®j''^f.°'^«<* ^00 ml of toluene. The resulting blue-greenl5iGttoS was filtered Into a glass 

fo?mS w« l T^"* """^^^ atmospheres of ethylene. An immediate exotherm and polymer 
formation was observed upon exposure of ethylene. The yield of polyethylene was 4.5 g after 15 minutes. 

EXAMPLE 16 

trifn h!?tJn/mr'^'^" ^" polymerization catalyst was prepared by first suspending 0.1 g of 

nint3lTT'"'"/!*'^'P"^'^y'P'^^"y''''°'°" 5 ml of d6-benzene and then adding 0.05 g of 
t!T T^^ ^ d'^^e^^'V- The reaction was complete after 30 

rxtract'd TT"! 'l'^" ""''^ give a green glassy solid. The crude green product was 

o2n,SlnP^n^ o'/oluene. In separate experiments, the toluene extract was exposed to ethylene, to 

SbseS ^^'^ propylene. In each case significant polymerization activity was 

EXAMPLE 17 

"^'^P'e- «="ve olefin polymerization catalyst was prepared by first suspending 0.22 g of 
Lii?oe?amThT^^ tetra(pentafluoropheny!)boron in 50 ml of toluene and then adding'o.lO g of 
a^d Tr ^rJ, r««^ f ''^ '^f ""'"'^ ''"""''^y- "^^^ capped with a mbber septum 

o?e«SriSd l .hT«; ? ^° minutes the reaction mixture (now yellow and homogen ous) was 

obsor^S .1, nn? °' e'^V'^^e and stirred vigorously. Rapid polymerization of ethylene was 

TuZn tL tZ ^^ a signifcant increase in the reaction temperature (from room temperature to at least 80-C) 
wa^aVd^d .TkiiiT n, ^tter 15 minutes, the reaction vessel was vented and methanol 

was added to kill the still active catalyst. The yield of linear polyethylene was 3 7 g 
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EXAMPLE 

In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of 
tri(n-butyl)ammonium tetra(pentafluorophenyl) boron in 50 ml of toluene and then adding 0.13 g of 
/pentamethylcyclopentadienyl) (cyclopentadienyl)2irconium dimethyl. The reaction vessel was capped with a 
^uboer septum and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution above 
an insoluble orange oil) was pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid 
polymerization of ethylene was observed causing a significant increase in the reaction temperature (from room 
temperature to at least 80*'C) during the first minute of polymerization. After 10 minutes, the reaction vessel 
was vented and methanol was added to kilt the still active catalyst. The yield of linear polyethylene was 3.7 g. 

EXAMPLE 19 

In this example, an active olefin polymerization catalyst was prepared by combining 0 18 g of 
tn(n-butyl)ammonium tetra(pentafluorophenyl) boron in 50 ml of toluene and then adding 0.12 g of 
bis[1,3-bis(trimethylsilyl)cyclopentadienyl]zirconium dimethyl. The reaction vessel was capped with a rubber 
septum and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution above an 
insoluble yellow oil) was pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid 
polymerization of ethylene was observed causing a significant increase in the reaction temperature (from room 
temperature to at least 80' C) during the first minutes of polymerization. After 10 minutes the reaction vessel 
was vented and methanol was added to kill the still active catalyst. The yield of linear polyethylene was 2.1 g. 

EXAMPLE 20 

In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of 
tri(n-butyl)ammonium tetra(pentafluorophenyt)boron In 50 ml of toluene and then adding 0.10 g of 
bis(cyclopentadienyl)zirconium dimethyl. The reaction vessel was capped with a rubber septum and stirred at 

25 room temperature. After 10 minutes the reaction mixture (a yellow solution above an insoluble orange oil) was 
pressurized with 1.5 atmospheres of ethylene and.stjfred vigorously. Rapid polymerization of ethylene was 
observed causing a significant increase In the reaction temperature (from room temperature to at least 80** C) 
during the first minutes of polymerization. After 10 minutes the reaction vessel was vented and methanol was 
added to deactivate the still active catalyst. The yield of linear polyethylene was 3.7 g. 

30 ■ ' 

EXAMPLE 21 

In this example, an active olefin polymerization catalyst was prepared by combining 0.12 g of 
tri(n-butyl)ammonium tetra(p€ntafluorophenyl)boron and 0.04 g of bis(cyclopentadienyl)zirconium dimethyl in 
100 ml of toluene in a 250 ml flask. The flask was capped with a rubber septum and stired at 60* C for 3 
35 minutes. Ethylene at 1 .5 atmospheres and 3 ml of 1 -hexane were then added to the flask. After 20 minutes, the 
flask was vented and methanol was added to deactivate the still active catalyst. The white polymeric product 
was collected by filteration and dried in-vacuo to yield 8.0 g of a hexene-ethylene copolymer. The melting point 
of the copolymer was 125**C. 

40 EXAMPLE 22 

In this example, an active, isolable olefin polymerization catalyst was prepared by first suspending 1.30 g of 
tri(n-butyl)ammonium tetra(p-tolyl)boron in 50 ml of toluene and then adding 1.00 g of bis(ethyltetramethylcy- 
clopentadienyl)zirconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour, an 
• insoluble orange precipitate separated from solution. The oraoge precipitate was isolated by filteration, 
45 washed three times with 20 ml of pentane and dried in-vacuo . 0.55 g of the orange precipitate were recovered. 
The orange precipitate was analyzed and found to contain an organometallic compound having the following 
structure: 



50 



55 



60 



65 



B(p-tolyl )3 

(C5EtMe4)2Zr 




wherein Et is an ethyl radical and Me is a methyl radical, 
EXAMPLE 23 

In this example, 0.05 g of th orang precipitate produced in Example 22 was dissolved in 2 ml of 
deutero-toluene and placed in a 5 mm NMR tube and capped with a rubber septum. Ethyleoe (2 mi at 1 atm) 
was added via syringe and immediately polymerized. 
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EXAMPLE 24 



atmosDher?^?; T f "f ^"^ "^^'^ copolymerized in a hexane diluent by adding under a nitroaen 

oxTaen^p! 1 stainless-steel autoclave, previously flushed with nitrogen and containing 400 m o?,frC 

IZ TZ oi nr^ ZT °' ' 4 mg of bis(cycropentadienyl)2ircomum d mlth?! 

aCtoriLT^ o' tn(n-butyl)ammonium fetrakis(pentafluorophenyl)boron. 1-butene (200 rnl was addedTo 

minuSi TZ'rMT"' ^ of ethylene. The autoclave vlS^t^ed nd Sd for 7 

9 2 o Th«\!2i„J, ! ^^"'^'^ and the contents dried. The yield of copolymer isolated wal 

was 1.97. A compositional distribution analysis indicated a breadth index of 880/0 ^'Stnbution 



EXAMPLE 25 



atmosphere tTi i L s?Ss:112"T ' * ^^^^^ne diluent by adding under a nitrogen 

oxygen free hexane 2d mi , ? autoclave, previously flushed with nitrogen and containing 400 ml of dn/ 
lZ ^2 Z of xTn tZ^^ toluene solution containing 4 mg of bis(cyclopentadienyl)2irconium dimethTi 
autoHawT^JL iK* 7' tetrakis(pentafluorophenyl)boron. 1-butene (200 rnl) was added tn Z 

S°C for ;o mfn^r'T^^^ pressurized with 65 psig of ethylene. The autoclavet^sVtirred and Sate^^^^^ 
fsolateTJas Jhl' t^hf^^^ T'"" ^^^^'^'^ ^"^ ''''"^^"'^ ^he yiefd of copolyme 

dilution Of 1 88 AnaSbri3c'NMR °' J' "^"^""^ '^'^^^ "'^'^ a molecular wS 

1.00. Analysis by "C NMR spectroscopy indicated a reactivity ratio (rir2) of 0.145. 



EXAMPLE 26 



w 



IS 



20 



T^" ?oM hou'r' r, ""^'"^ "'^ °' ethWene'ihe autoclavl wa sSa7d heatel 

war27 2 o T«^»fl» * ^l"®*!- The yield of copofymer isola ed 

Srib'L'of^rASronhe^ "^'"^^^ « moleVaVwS 

moleo/o and a ^eadth index ^ 8l4 '^^^^^^^ '"^'"'"^ " «<""°"°'"er content of 6.3 30 

EXAMPLE 27 

^hytene v^SpLs 'e^^^^ T"?^'" ' =°"=tant-volume injection tube, which was held at 25». 

S rnm w P'®^^"'®'^ autoclave at a total pressure of 1500 bar. The reactor contents were stirred at 

S time the LltPn c '^ ^J"'' ^««°^^«<1 continuously for iS) seconds at 

Sleet noit^!r * ""^J^*^ The reactor was mshed with x^ene to 

5 SB n Twc^o r '"'"9 '"S'^e all polymer was dried in-vacuo . The yield of polyethylene isolaVed ^s 

EXAMPLE 28 , 
EXAMPLE 29 

atlsphe^To'^fsSesf s^.^^^^^^^^^ copolyrnerized in a hexane diluent by adding under a nitroger; 

sTirs~H^^ ^ 



55 
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stream of air. The yield of copolymer isolated was 61.0 g. This copolymer, which was 35.1 wto/o ethylene had a 
weight-average molecular weight of 103.000 and a molecular weight distribution of 2.3. Analysis by ^^C NMR 
spectroscopy indicated a statistically random copolymer 



EXAMPLE 30 



In this example, ethylen and propylen were copolymerized in bulk propylene by adding under a nitroqen 
atmosphere to a 1 L stainless-steel autoclave preeviously flushed with nitrogen 50 ml of a toluene solution 
containing 36 mg of bis(cyclopentadi nyl)hafnium dimethyl and 11 mg of N.N-dimethylanilinium tetrakisfpenta- 
fIuorophenyt)boron, Propylene (400 ml) was added to the autoclave, which was further pressurized with 120 
psig of ethylene. After stirring for 15 minutes at 50^ the reactor was vented and opened and the contents dried 
under a stream of air The yield of copolymer isolated was 52.6 g. The copolymer, which was 38 1 wto/o 
ethylene, had a weight-average molecular weight of 603.000 and a molecular weight distribution of 1 .93. 

EXAMPLE 31 

In this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry 
oxygen-free hexane, first a 30 ml of a toluene solution containing 15 mg of bisfcyclopentadienyl hafnium 
dimethyl, then after stirring for 5 minutes, 30 ml of a toluene solution containing 12 mg of 
bis(cyclopentadienyl)hafnium dimethyl and 30 mg of tri(n.butyl)ammonium tetrakis(pentafluorophe- 
nyl)boron. 1-butene (50 ml) was added to the autoclave, which was further pressurized with 65 psig of 
ethylene. The autoclave was stirred and heated to 50** for 1 hour. The reactor was vented and opened and the 
contents dried in a vacuum oven. The yield of copolymer isolated was 78.7 g. This copolymer, which was 62 6 
wto/o ethylene, had a weight-average molecular weight of 105,000 and a molecular weight distribution of 4 94 
Analysis by NMR spectroscopy indicated a reactivity ratio (rir2) of 0.153. 

EXAMPLE 32 

In this example, ethylene, propylene, and 1-butene we're copolymerized in a hexane diluent by adding under 
a nitrogen atmosphere to a 1 L stainless-steel reactor, previously flushed with nitrogen and containing 400 ml 
of dry. oxygen-free hexane. 50 ml of a toluene solution containing 19 mg of bis (cyclopentadienyl) hafnium 
dimethyl and 15 mg of tri{n-butyl)ammonium tetrakis{pentafluorophenyl)boron. 1-butene (50 ml) and 
propylene (25 ml) were added to the autoclave, which was further pressurized with 60 psig of ethylene. The 
autoclave was stirred at 50* for 45 minutes, then cooled and vented. The contents were dried under a stream 
of air. The yield of isolated terpotymer was 17.9 g. The weight-average molecular weight of the polymer was 
188,000 and the molecular weight distribution was 1.89. Analysis by NMR spectroscopy indicated that the 
polymer contained 62.9 moleo/o ethylene, 25.8 moleo/o propylene, and 11.3 moleo/o butene. 

EXAMPLE 33 

In this example, ethylene, propylene, and 1 .4-hexadiene were copolymerized in a hexane diluent by adding 
under a nitrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 
400 ml of dry, oxygen-free hexane. first 100 ml of freshly-distilled 1. 4-hexadiene, then 50 ml of a catalyst 
solution containing 72 mg of bis(cyclopentadienyi)hafnium dimethyl -and 16 rng N.N-dimethylanilinium 
tetrakis(perfluorophenyl)boron. Propylene (50 ml) was added to the autoclave, which was further pressurized 
with 90 psig of ethylene. The autoclave was stinted at 50'* for 10 minutes, then cooled and vented. The contents 
were dried under a stream of air. The yield of Isolated terpolymer was 30.7 g. The weight-average molecular 
weight of the polymer was 191.000 and the molecular weight distribution was 1.61. Analysis by NMR 
spectroscopy indicated that the polymer contained 70.5 moleO/o ethylene, 24.8 moleo/o propylene, and 4.7 
moleo/o 1. 4-hexadiene. 



EXAMPLE 34 

In this example, ethylene and 1-hexene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry. 
oxygen-free hexane. first 30 ml of toluene solution containing 15 mg of bis(cyclopentadienyl)hafnium dimethyl, 
then, after 5 minutes. 100 ml of alumina-filtered and degassed 1-hexene and then 50 ml of a toluene solution 
containing 12 mg of bis(cyclopentadienyl)hafnium dimethyl and 30 mg of tri(n-butyl)ammonium tetrakls(penta- 
fluorophenyl)boron. The autoclave was pressurized with 65 psig of ethylene, stirred and heated at 50* for 1 
hour . then cooled and vented. The contents were dried in a vacuum oven. The yield of isolated copolymer was 
54.7 g. The copolymer, which was 46 wto/o ethylene, had a weight-average molecular weight of 138.000 and a 
molecular weight distribution of 3.08. Analysis by NMR spectroscopy indicated a reactivity ratk) (rir2) of 



EXAMPLE 35 

In this example, propylene was polymerized in a hexane dilu nt by adding under a nitrogen atmosphere to 
a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 200 ml of dry, oxygen-free 
hexane. 50 ml of a toluene solution containing 72 mg of bis(cyclop ntadienyl) hafnium dimethyl and 22 mg of 
N.N-dimethylanilinium tetrakis(pentafluoroph nyOboron. Propylene (200 ml) was added and tfe autoclav was 
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stirred at 40° for 65 minutes. The autoclave was cooled and vented and the cont nts driea in a vacuum oven 
The yield of atactic polypropylene was 37.7 g. The weight-average molecular weight of this polymer was 92 000 
and the molecular weight distribution was 1.54. 

EXAMPLE 36 

In this experiment, propylene was polymerized in bulk propylene by adding under a nitrogen atmosphere to ^ 
a 1 L stainless-ste I autoclave, previously flushed with nitrogen, 50 ml of a toluene solution containing 77 mg of 
bis(cyclopentadienyl)hafnium dimethyl and 22 mg of N,N-dimethylanilinlum tetrakis(pentafluorophenyl)boron. 
Propylene (400 ml) was added and the autoclave stirred at 40** for 90 minutes. The autoclave was cooled and 
vented and the contents dried in a vacuum oven. The yield of atactic polypropylene isolated wzs 58.7 g. The io 
weight-average molecular weight of this polymer was 191 .000 and the molecular weight distribution was 1 .60. 

EXAMPLE 37 

In this example, propylene was polymerized in bulk propylene by washing 72 mg of bis(cyclopentadienyl) haf- 
nium dimethyl and 22 mg of N,N-dimethylanilinium tetrakis(pentafluorophenyl)boron into a 1L stainless-steel 15 
autoclave, previously flushed with nitrogen, with 500 ml of propylene. The autoclave was stirred at 40** for 90 
minutes and at 50* for another 30 minutes, then cooled and vented. 2.3 g of atactic polypropylene w re 
isolated. 



EXAMPLE 38 



20 



30 



In this example, ethylene was polymerized by reacting 55 mg of bis(trimethylsllyfcyclopentadienyl)hafnium 
dimethyl with 80 mg of N.N-dimethyianillnium tetrakis(pentafluorophenyl boron in 5 ml of toluene in a 
serum^apped vial. On passing ethylene through the solution for 15 seconds, polymer formed as the mixture 
. grew hot. The vial was opened and the contents diluted with acetone, filtered, washed, and dried. The yield of 
polyethylene was 0.26 g. ' 25 

EXAMPLE 39 - v 

In this example, propylene was polymerized in bulk propylene by adding under a nitrogen atmosphere to a 1 
L stainless-steel autoclave, previously flushed with nitrogen. 25 ml of a toluene solution containing 10 mg of- 
rac-dimethylsilyl bis(indenyl)hafnium dimethyl and 5 mg of N.N-dimethytanilinium tetrakis(pentafluorophe- 
nyljboron. Propylene (500 ml) was added and the autoclave stirred at 40** for 4.5 hours. The autoclave was 
cooled and vented and the contents dried in a vacuum oven. The yield of isotactic polypropylene isolated was 
78.5 g. The weight-average molecular weight of this polymer was 555.000 and the molecular weight distribution 
was 1.86. The polymer had a melting point of 139^*0. Analysis by NMR spectroscopy indicated that the 
polymer was about 950/o isotactic. 3$ 

EXAMPLE 40 

In this example, an active ethylene polymerization catalyst was prepared by suspending 40 mg of 
N.N-dimethyl anilinium tetrakis(pentafluorophenyl) boron and 17 mg of 1-bis(cyclopeotadienyl)zircona-3-di- 
methylsilacyclobutane in 10 ml of toluene in a septum-capped round bottomed flask. Passage of ethylene' 40 
through the solution for 30 seconds caused the solution to become hot as polymer precipitated. The flask was 
opened and the contents diluted with acetone, the polymer was filtered off. washed with acetone, and dried in 
vacuo . The yield of polymer isolated was 0.15 g. 

EXAMPLE 41 " 45 

In this example, an active ethylene polymerization catalyst was prepared by suspending 36 mg of 
1-bis(cyclopentadienyl)titaha-3-dimethylsilacyclobutane and 80 mg of N.N-dimethylanilinium tetrakis(pentaflu- 
orophenyl) boron in 20 ml of toluene in a serum-capped round bottomed flask. The solution darkened when 
ethylene was passed through it. After 5 minutes, the flask was opened and the contents diluted with ethanol. 
The polymer was filtered off. washed with ethanol, and dried. The yield of polyethylene isolated was 0.51 g. 50 

EXAMPLE 42 

In this example, an active ethylene polymerization catalyst was prepared by suspending 29 mg of 
(pentamethyl cyclopentadieriyl)(tetramethyl-€tai-cyclopentadienyl)zirconium phenyl and 43 mg of tri(n-bu- 
tyOammonium tetrakis(pentafluorophenyl)boron in 25 ml of toluene in a serum-capped round-bottomed flask. 55 
On passing ethylene through the solution, polymer formed almost instantly. After 5 minutes, the flask was 
opened and the contents diluted with ethanol. The polymer was filtered off, washed with acetone, and dried. 
The yield of polyethylene isolated was 0.49 g. 

EXAMPLE 43 * €0 

In this example, an active ethylene polymerization catalyst was prepared by suspending 34 mg of 
bis(cyclopentadienyl)zirconium(2,3-dimethy|.1.3-butadiene) and 85 mg of tri(n-butyl)ammonium tetrakis(pen- 
tafluorophenyl) boron in 50 ml of toluene in a serum-capp d bottle. On introducing ethylene, th solution grew 
warm instantly as oolymer precipitated. After 5 minutes the bottle was opened and the cont nts dilut d with 
ethanol. The polymer formed was filter d off, washed with ethanol, and dri d. The yield ot^olymor isolat d was 65 
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1.06 g. 

EXAMPLE 44 

In this example, ethylene was polymerized by reacting 20 mg of 1-bis(cyclopentadienyl)hafna-3-dimethylsila- 
cyclobutane and 39 mg of N,N-dimethylanilinium tetrakis(pentafluorophenyl) boron in 20 ml of toluene in a 
serum-capped round-bottomed flask. On passing ethylene through the solution, polymer precipitated as th 
solution grew warm. After 1 minute, the flask was opened and the contents diluted with ethanol. The polymer 
was filtered off. washed with ethanol. and dried. The yield of polyethylene isolated was 0.263 g, 

EXAMPLE 45 

In this example, ethylene was polymerized by reacting 21 mg of bis(cyclopentadienyl)hafnium(2,3-dimethyl- 
1.3-butadiene) and 41 mg of tri(n-butyl)ammonlum tetrakis{pentafluorophenyi)boron in 50 ml of toluene in a 
serum-capped bottle. On passing ethylene through the solution, polymer precipitated within seconds. After 10 
minutes, the bottle was opened and the contents diluted with ethanol. The solid polymer was filtered off 
washed with acetone, and dried. The yield of polyethylene isolated was 0.93 g. 

EXAMPLE 46 

In this example, ethylene was polymerized by reacting 63 mg of (pentamethylcyclop€ntadienyj)(tetramethyl- 
cyclopentadienylmethylene)hafnium benzyl and 75 mg og N.N-dimethylanilinium tetrakis{pentafiuorophe- 
nyljboron in 50 ml of toluene in a serum-capped bottle. Ethylene was passed through the solution for 10 
minutes. The bottle was opened and the contents diluted with ethanol. The polymer was filtered off, washed 
with acetone, and dried. The yield of polyethylene isolated was 0.65 g. 

While the present invention has been described and illustrated by reference to particular embodiments 
thereof, it will be appreciated by those of ordinary ?klll in the art that the same lends itself to variations not 
necessarily illustrated herein. For this reason, then, reference should be made solely to the appended claims 
for purposes of determining the true scope of the present invention. 



Claims 

1 . Method for preparing a catalyst comprising the steps of: 

(a) Combining, in a suitable solvent or diluent, at least one first compound consisting of a 
bis(cyclopentadienyl)metaI compound containing at least one substituent capable of reacting with a 
proton, said metal being selected from the group consisting of titanium, zirconium and hafnium and 
at least one second compound comprising a cation capable of donating a proton and an anion which 
is a single coordination complex comprising a plurality of lipophilic radicals covalently coordinated to 
and shielding a central charge-bearing metal or metalloid atom, which anion is bulky, labile and 
capable of stabilizing the metal cation formed as a result of the reaction between the two 
compounds: 

(b) Maintaining the contacting in step (a) for a sufficient period of time to permit the proton 
provided by the 6ation of said second compound to react with said substituent contained in said 
bis(cyclopentadienyl) metal compound : and 

(c) Recovering an active catalyst as a direct product or as a decomposition product of one or more 
of said direct products from step (b). 

2. Method according to Claim 1 wherein said bis(cyclopentadienyl)metal compound may be 
represented by the following general formulae: 

1. (A-Cp)MXiX2 

2. (A-Cp)H)nx*2 ' 

3. (A-Cp)ML and/or 

4. (Cp*)(Cpl?)MX] 
Wherein: 

M is a metal selected from the group consisting of titanium, zirconium and hafnium; (A-Cp) is either 

(Cp)(Cp*) or Cp-A'-Cp* and Cp and Cp* are the same or different substituted or unsubstituted 

cyclopentadienyl radicals; 

A' is a covalent bridging group; 

L is an olefin, diolef in or aryne ligand ; 

Xi and Xa are. independently, selected from the. group consisting of hydride radicals, hydrocarbyl 

radicals, substituted-hydrocarbyl radicals, organometalloid radicals and th like ; 

X'l and X'a are joined and bound to the metal atom to form a metallacycle. in which the metal atom. X'l 

and X'2 form a hydrocarbocyclic ring containing from about 3 to about 20 carbon atoms: and 

R is a substituent on one of the cyclop ntadienyl radicals which is also bound to the metal atom. 

3. Method according to Claim 1 or Claim 2 wherein said second compound may b represent d by the 
following general formula: 

((L'-H)-ld((M')m*QiQ2...Q„]d- 
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Wherein; 

L' is a neutral Lewis base; 
His a hydrogen atom; 
[L'-H] isaBronsted acid; 

M' is a rnetal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table 
of theElem nts; re., groups V-B.VI-B.VII-B, Vllt. I-B. II-BJII-A IV-AandV-A* ^c laoie 

2ko^i?r fnH^f^.^^ ^ independently, from the group consisting of hydride radicals, dialkylamido radicals 
.nH ! T^^^^^ hydrocarbyl and substituted-hydrocarbyl radicals and organometalloid 

radicals and any one. but not more than one. of to Qn may be a hatide radical - the remaining Q, to Q„ 
being, independently, selected from the foregoing radicals; 
m is an integer from 1 to 7; 
n is an integer from 2 to 8 ; and 
n - m = d. 

retres:S,ytZ'^^^^^^^^^ ''"'^''"^ ^'''"^ ^^^^^"^ '^^'^^^"^ 

[L'-H] + (BAr,Ar2X3X4j- 

Wherein: 

L' is a neutral Lewis base ; 
H is a hydrogen atom ; 
[L'-HJ + is a Bronsted acid; 
B is boron in a valence state of 3; 

r^dira'Jcm^Kl^. ^IlVf"'® °! arom^Wc or substituted-aromatic hydrocarbon radicals which 

se^ctid from '° *'~"9h a stable bridging group; and X3 and X4 are. independent?^ 

H w J?"^^ consisting of hydride radicals, halide radicals and hydrocart)yl and 
substituted-hydrocarbyl radicals, organometalloid radicals and the like 

fnrm.HT?*?? .o^<l'"9 to any of the preceding claims wherein the first compound is of the general 
Ln?uh.,i, . 1 i "^''^ secortd>compound is a trisubstituted ammonium sai? o"7n 

bSclooIn? ^"'"^^'^ compound, with said first compound being optionally a 

S«Sn?/dS^"^ '"f ^' «°"»«'"'"9 two independently, substituted or Snsubstituted 

whtcJl^isf orIfSiil>^HT'", '=°'"P°""<* « « tri(n-butyl)ammonium tetra(phenyl)boron. in 

TaiSe^ond com^^l^J * "^CpentamethylcyclopentadienyDzirconium dimethyl; or 

nf2»™hr?K K 1'* N.N-dimethylanilinium tetra(phenol)boron. In which case said first compound is 
preferabfy a bisfl .3-bis(tnmethylsilyl)cyclopentadienyl]zirconium dimethyl. 

of tr»n h.'S.f'^*'"''*'"^ *° ^ compound is selected from the group consisting 

ISum feS^ril! H"'"'"»K*!*^''''!i^'''°'*'"' ^^("-butyDammonium tetra{o-tolyl) boron tri(n-butyl)am- 
wSrh T^lo .r^'^J^f """"^ tri(n-butyl)ammonium tetra(o.m-dimethylphenyl) boron, in 

whLrPi^liH Jl^"* compound is a bis(pentamethylcyclopentadienyl)2irconium dimethyl; or 

toM Lr«nT„H fT^J^f « 9~"P consisting of tri(n-butyl)ammonium . 

firlt rnmlo „H f t"(n-butyl)ammonium tetra (p-ethylphenyl)boron. in which case preferably said 
d methvT !nH selected from the group consisting of bis(pentamethylcyclopentadienyl)zirconium 
«T«rH ; <P«"»«'"«»fVlcyclopentadienyl)(cyclopentadienyl)zirconium dimethyl; or wherein said 

nSimo?on ,nS°w M w^**.'!*'.'®'^.'™'" consisting of tri(n-butyl)ammonium tetfa(pentafluorophe- 

nyljboron and N.N-dimethylanilinium tetra(pentafluorophenyl)boron 

ripim^o In? °* claims 1 to 4 wherein the first compound is of the general formula 2 in 

n^lZl ^^'^ compound is a trisubstituted ammonium salt of a tetra(substituted-aro- 

T£l^L°"J^?^,''"'^' P^^'e^^b'V N.N-dimethylanilinium tetra(pentafluorophenyl)boron. in which case 
? d Zhl , <';st compound is selected from the group consisting of 1-bis(cyclopentadienyl)titana- 

cloZS! .^2^- '-'^*^'^yc'0P«"'^<^'e"W)zircona-3-dimethylsilacyclobutane and 1-bis(cy- 

ciopentadienyl)hafna-3-dimethylsilacyclobutane. 

Clfim^^Tn?? °' ^ compound is of the general formula 3 in 

nZZlnrlT compound is a trisubstituted ammonium salt of a tetra(substituted-aro- 

DrSS;h.L L^T'^." • P'^'^'^^'y tri(n-butyl)ammonium tetra(pentafluorophenyl)boron. in which case 
nium(2 3 dim^h?T,*'K"^ 9'°"P consisting of bis(cyclopentadienyl)zirco- 

a^imP ^H^^ "^1° ^"^ °' ^ '° "^s' compound is of the general formula 4 In 

ma Sbor«n rom^'" ''^'1°?'* compound is a trisubstituted ammonium salt of a tetra(subsf ituted-aro- 
SamXr!Z ; l^"^ w ' compound being preferably selected from the group consisting of 
S^^SlZ^°ri-^^'^T^^^ " izirconium phenyl and (penta- 

selonZtZ ^^'^^^^^^ benzyl in which case said 

nS"t;^prn';!b'^^^^^^^^^^^^ 

contai^rnn?nI°9r'r^"l"^ ^" acetyl nically unsaturated monomer 

contammg from 2 to about 18 carbon atoms and/or an acetylenically unsaturat d compound containing S5 



45 



50 



55 



60 



19 



0 277 004 



from 2 to about 18 carbon atoms either alone or in combination with each other or with other monom<»re 
comprising the steps of: ^Mumers 

(a) contacting an olefin, diolefin and/or an ac tylenically unsaturated compound containing from 2 
to about 1 8 carbon atoms either alone or in combination with ach other or with other monomers in a 
suitable carrier, solvent or diluent with a catalyst prepared previously or in situ during polymerization 
by a method according to any of the preceding claims : 

(b) continuing the contacting of step (a) for a sufficient period of time to polymerize at least a 
portion of the monomer or monomers : 

(c) recovering a polymer product. 

12. Catalyst prepared by a method according to any of claims 1 to 10. 

13^ A polymer comprising a monomer selected from the group consisting of a-olefins diolefins 
acety^nicaity unsaturated monomers and mixtures there prepared with a catalyst according to Claim 12 ' 
14. Composition of matter containing an organometallic compound having the following general 



^B(Ph' )3 



wherein: * 

Cp- is a peralkyl-substituted cyclopentadienyl radical wherein each of said alkyi substitutions mav be the 
same or a different C1-C20 alkyI radical; r ^ 

Bis boron; 
2r is zirconium; 

Ph' is a phenyl or aikyl-substituted phenyl radical and each of the 3 Ph's may be the same or different and 
the alky! substitutions may be Ci -Ci 4 ; and 

R is hydrogen or an alky! group having from 1 to about 14 carbon atoms. 
15. Composition of matter according to Claim 14 having the following general structural formula: 




B(C6H5)3 



(Cp*)2Zr 



wherein Cp* is a (pentamethylcyclopentadienyl) radical; 




B(p-tolyl )3 



(Cp*)2Zr 



CK3 

wh reinCp'isa(p ntamethylcyclopentadienyl) radical; 
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B[p-CH3CH2(C6H5)]3 

(Cp*)2Zr_^/^^ 
CH3CH2 

wherein Cp* is a (pentamethylcyclopentadlenyl) radical; or 

B(p-tolyl)3 

(Cp*)22r. 




wherein Cp* is a (ethyitetramethylcyclopentadien^lj'radical. 

genera?formutee°^'^'°" °' ^" compound represented by one of the following 

1. {({A-Cp)MXi]}d((M')m+Q,Q2...Q„]d- 

2. ll{A-Cp)MXiL']}dI(M')m+QiQ2...Q„]d- 
Wherein: 

M is a metal selected from the Group consisting of titanium, zirconium, and hafnium- 

unSSJLt^!Z}S^^^%^ CP:^'-CP' and Cp and Cp* are the same or different substituted or 
unsubstituted cyclopentadienyl radicals ; 
A' is a covalent bridging group; 

X, is selected from the group consisting of hydride radicals, hydrocarbyl radicals: substituted-hydrocar- 
byl radicals, organometalloid radicals and the like ; 
L' is a neutral Lewis base ; 

rJf ^ I^!*^L?' selected from the Groups encompassed by Groups V-B to Vl-A of the Periodic 

Table of the Elements: ie., Groups V-B. Vl-B. Vll-B. VIII. I-B, ll-B. Ill-A IV-A and V-A- 

Qi to Q„ are selected, independently, from the Group consisting of hydride radicals, dialkylamido radicals. 

T^S! ^ w radicals, hydrocarbyl and substituted-hydrocarbyl radicals, and organometalloid 

radicals and any one. but not more than one. of the Q, to Q„ may be a haiide radical - the remaining Q, to 

Qn being, independently, selectedfrom the foregoing radicals; 

m IS an integer from 1 to 7; 

n is an integer from 2 to 8; and 

n - m = d. 

geneSfomula°^'^*°" °* ""^"^^ °' ^'^"^ ^® ^^^'^'^ ^^"^ ""^^ ^' '"^P^esented by the following 

(BAriArzXaX*)- 

Wherein: 

B is boron in a valence state of 3; 

fadica'^cmoJK ITl!^""® aromatic or substituted-aromatio hydrocarbon radicals which 

radicals may be linked to each other through a stable bridging group • and 

hvd*roLrh^i?;H ^^'^'^'^'^ 9'°"P consisting of hydride radicals, haiide radicals, and 

nvrtrocarbyl and substituted-hydrocarbyl radicals, organometalloid radicals, and the like 

unsubsmuJLTof *r °' »he group consisting of 

unsubstituted tetra(aromatic)boron anions and substituted tetra(aromatic)boron anions 
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